Expression of factor VII by muscle cells in vitro and in vivo following direct gene transfer: modelling gene therapy for haemophilia.
Direct injection of plasmid DNA into skeletal muscle has been proposed as a method of effecting somatic gene therapy. This article describes the construction and testing of a plasmid derived expression cassette believed to confer skeletal muscle specific expression. Expression constructs were designed containing the full-length cDNAs for both coagulation factor VIII and factor VII. The engineered genes were flanked by two muscle specific regulatory elements from different myosin isoforms and by an artificial polyadenylation signal sequence. In vitro transfection of C2-myoblasts led to expression of the factor VIII gene, shown by reverse transcription and polymerase chain reaction, upon differentiation of the myoblasts. The expression of the FVII construct was tested in a C2 cell culture system and also when injected directly into mouse muscle. It was found that in cell culture the level of factor VII antigen outside the cell, ie in the cell culture medium was two- to three-fold higher than inside the cell, ie in the cell lysate. This level of expression was found to continue for the duration of cell culture maintenance and a fully functional protein was produced. In vivo transfection experiments in mice showed a substantial increase in factor VII antigen compared with the background level 4-5 days after injection. An anti-human factor VII antibody was detected 7-10 days after injection. We conclude that muscle cells in vitro secrete and efficiently carry out post-translational modifications of the engineered gene product and in vivo secrete the gene product resulting in elevation of systemic levels. The data provide the basis for the use of muscle cells as an in vivo expression system for coagulation proteins in the treatment of inherited haemostatic and thrombotic disorders.